Comparison of TCD and SED methods in fatigue lifetime assessment by Hu, Z. et al.
This is a repository copy of Comparison of TCD and SED methods in fatigue lifetime 
assessment.




Hu, Z., Berto, F., Hong, Y. et al. (1 more author) (2019) Comparison of TCD and SED 
methods in fatigue lifetime assessment. International Journal of Fatigue, 123. pp. 105-134.
ISSN 0142-1123 
https://doi.org/10.1016/j.ijfatigue.2019.02.009





This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long 
as you credit the authors, but you can’t change the article in any way or use it commercially. More 
information and the full terms of the licence here: https://creativecommons.org/licenses/ 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 



























NNĲ QHJDWLYH LQYHUVH VORSH RI WKH
:|KOHUFXUYH 
( HODVWLFPRGXOXV 





nomV'  QRPLQDO VWUHVV UDQJHV WLHG WR WHQVLRQORDGLQJV 
.,& SODQHVWUDLQPDWHULDOWRXJKQHVV ı SODLQIDWLJXHOLPLW 
t net,axialK 




ıHII HIIHFWLYH VWUHVV FDOFXODWHG DFFRUGLQJ
WRWKH7&' 
¨.$¨.$ UHIHUHQFH YDOXHV DW KLJK F\FOH
IDWLJXH RI WKH QRWFK VWUHVV
LQWHQVLW\ IDFWRU UDQJH under 






/ PDWHULDOFKDUDFWHULVWLFOHQJWK ı$ DPSOLWXGHRIWKHQRPLQDOJURVVVWUHVV
DW1$F\FOHV 
/0 PDWHULDO FKDUDFWHULVWLF OHQJWK
GHWHUPLQHGLQWKHPHGLXPF\FOH
IDWLJXHUHJLPH 
g,aV  DPSOLWXGHRIWKHQRPLQDOJURVVVWUHVV 










PHDQ VWUHVV SHUSHQGLFXODU WR WKH
FULWLFDOSODQH 
1$ UHIHUHQFH QXPEHU RI F\FOHV WR
IDLOXUH LQ WKH KLJKF\FOH IDWLJXH
UHJLPH 
n,aV  DPSOLWXGHRIWKHVWUHVVSHUSHQGLFXODUWRWKHFULWLFDOSODQH 
1IH HVWLPDWHG QXPEHU RI F\FOHV WR




WKHVWUHVVWHQVRU ijV  
VWUHVVVWDWHFRPSRQHQWV 
5 UDGLXVRIWKHFRQWUROYROXPH 0V  IXOO\UHYHUVHGXQLD[LDOIDWLJXHOLPLW 
5 ORDGUDWLR ı$Q QRPLQDOVWUHVVRIQRWFKVDPSOHDW1$
F\FOHV 
55 WKHUDGLXVRIWKHFRQWUROYROXPH




Uș SRODUFRRUGLQDWHV ǻĲSHO  HODVWLFSHDNVWUHVVUDQJHVDWWKHQRWFK
WLSXQGHUWRUVLRQORDGLQJV 
P PHDQVWUHVVVHQVLWLYLW\LQGH[ 
nomW'  QRPLQDO VWUHVV UDQJHV WLHG WR WRUVLRQORDGLQJV 
plain
0W'  VWUDLQ GHQVLW\ HQHUJ\ IURP WKHSODLQVDPSOH 
ȜȜȜ :LOOLDPV¶HLJHQYDOXHV 
notch
W'  VWUDLQ HQHUJ\ GHQVLW\ YDOXHDYHUDJHGRYHUWKHFRQWUROYROXPH
IURPWKHQRWFKVDPSOH 
HHH   VKDSHIXQFWLRQVIRUVKDUS9QRWFKHV 
:F FULWLFDOHQHUJ\YDOXH Į RSHQLQJDQJOHRIQRWFK  
:HOHPHQWL HQHUJ\ FRQWULEXWLRQV IRU DOO WKH
ILQLWHHOHPHQW 
ȣ 3RLVVRQ¶VUDWLR 
W'  DYHUDJHGYDOXHRIWKH6('RYHUDFRQWUROYROXPH 
FZ ZHLJKWLQJSDUDPHWHU 
0W  IXOO\ UHYHUVHG WRUVLRQDO IDWLJXHOLPLW 
9 FRQWUROYROXPH 




DEĮȕ FRQVWDQWV XVHG LQ WKH 0:&0
DSSURDFK 
ȡHII HIIHFWLYH YDOXH RI WKH FULWLFDO ijG  .URQHFNHUGHOWD 
 3 
SODQHVWUHVVUDWLR 
ȡOLP OLPLWYDOXHRIȡHII 7&' 7KHRU\RI&ULWLFDO'LVWDQFHV 
(1 HUURURIIDWLJXHOLIHFDOFXODWLRQ 6(' 6WUDLQ(QHUJ\'HQVLW\ 
e





















GLVWDQFH DQG (O +DGGDG¶V OHQJWK SDUDPHWHU >@ %RWK WKH7&' DQG 6(' DSSURDFK DVVXPH WKDW































DPDWHULDO SURSHUW\ LQ WKH FDVHRI VWDWLF ORDGLQJ LW GHSHQGVRQ WKHXOWLPDWH WHQVLOH VWUHQJWK WKH
IUDFWXUHWRXJKQHVVDQG3RLVVRQ¶VUDWLRLQWKHFDVHRIKLJKF\FOHIDWLJXHORDGLQJLWDOVRGHSHQGVRQ








,QWKLVSDSHU WKHDLPLV WR LQYHVWLJDWHWKHDFFXUDF\RI7&'DQG6('PHWKRGVLQHVWLPDWLQJ


















1 KL S V
§ · ¨ ¸© ¹
                             







eff 1 00, 2
L








DYHUDJLQJ WKHYDOXHRI 1V DORQJ WKHQRWFKELVHFWRURYHUDGLVWDQFHHTXDO WR/DW WKH IDWLJXH OLPLW
FRQGLWLRQRIWKHQRWFKHGFRPSRQHQW 
















WKUHVKROG YDOXH RI WKH VWUHVV LQWHQVLW\ IDFWRU .WK 8QIRUWXQDWHO\ WKH VWUHVV EDVHG DSSURDFK LV QRW


















ILHOGGLVWULEXWLRQıUFDQEH ILWWHGDFFXUDWHO\ZLWK DQH[SRQHQWLDOGHFD\ IXQFWLRQ FRHIILFLHQWRI
GHWHUPLQDWLRQ5!WKURXJKDSRVWSURFHVVLQJRIWKHVLPXODWHGGDWD)RUWKHFDOFXODWHGYDOXHV
LWLVHDV\WRGHWHUPLQHWKHGLVWDQFH/01IIURPWKHILWWLQJIXQFWLRQ 
> @1,a 1 f( )/2L NV V                                                    
$QLGHQWLFDOSURFHGXUHFDQEHXVHGWRHYDOXDWHWKHGLVWDQFH/01IZLWKWKH/0 




2 2 ( )
L L N
r dr r dr
L L N






)(PRGHO7KHQE\VLPSO\VXEVWLWXWLQJWKHHTXDWLRQ M e,f= BL A N  LQWR(TLWLVSRVVLEOHWRZULWH 
 
e,f1 1 e,f 1 1,a
( )/2 /2Br L N A NV V V Vª ºª º    ¬ ¼ ¬ ¼                             




e,f A A A




N N N N
L N A N
V V V
V
§ ·  ¨ ¸¨ ¸ ª º ª º© ¹ ¬ ¼ ¬ ¼
§ ·§ · ¨ ¸  ¨ ¸¨ ¸ ¨ ¸© ¹ © ¹
         



















§ ·¨ ¸¨ ¸ ¨ ¸ª º¬ ¼¨ ¸©

¹³


























2 lim ( , 0)
r
K r rO TTS V T o                        
21
2 0
2 lim ( , 0)r
r







1 22(1 ) 2(1 )
0 0
wc K KW e e
E R RO O 










1 for - 0(1 )
( ) 1 for 0







­  f d ° °°  ®° ° d °¯











§ ·''  ¨ ¸© ¹                               
 
,WLVZRUWKRIPHQWLRQLQJWKDWWKHDSSOLFDWLRQRIWKH6('FULWHULRQDQGWKHUHOLDELOLW\RILWVUHVXOWV
DUH VWULFWO\ UHODWHG WR WKH SURSHU GHWHUPLQDWLRQ RI IDWLJXH SDUDPHWHUV LH WKH FULWLFDO YDOXH RI












§ ·' ¨ ¸¨ ¸'© ¹
                      (16) 
ZKHUH¨.$DQG¨ı$DUHWKHUHIHUHQFHYDOXHVDWKLJKF\FOHIDWLJXHRIWKHQRWFKVWUHVVLQWHQVLW\IDFWRU
UDQJH RI WKH VHYHUHO\ QRWFKHG PDWHULDO DQG WKH QRPLQDO VWUHVV UDQJH RI WKH XQQRWFKHG PDWHULDO
UHVSHFWLYHO\$VVRRQDVWKHQRWFKVWUHVVLQWHQVLW\IDFWRU¨.$LVNQRZQWKHFRQWUROUDGLXVFDQEH
















V'   '                    
A,pV  LVWKHIDWLJXHVWUHQJWKRIWKHVPRRWKVDPSOHDW1$F\FOHVDQG(LVWKHHODVWLFPRGXOXVRIWKH
PDWHULDO )LJ  VKRZV WKH SURFHGXUH IRU WKH HYDOXDWLRQ RI WKH FRQWURO UDGLXV 5 RI WKH FULWLFDO
YROXPHE\XVLQJOLQHDUHODVWLF)($%\YDU\LQJWKHFRQWUROUDGLXV5DURXQGWKHQRWFKWLSLQWKH)(
PRGHOXQGHU DQRPLQDO VWUHVV ı$Q WKH FRUUHVSRQGLQJYDOXHVRI WKH VWUDLQ HQHUJ\GHQVLW\YDOXH
notch
W' DYHUDJHG RYHU WKH FRQWURO YROXPH FDQ EH HDVLO\ HYDOXDWHG ,W LV WKHQ SRVVLEOH WR ILW
notch ( )W R'  DVDIXQFWLRQRIWKHFRQWUROUDGLXV5REWDLQLQJDILWWLQJHTXDWLRQ7KHFRQWUROUDGLXV













                           
 
7KHSDUDPHWHUFZRI(TWDNHVLQWRDFFRXQWWKHORDGUDWLR5ZKHQWKHQRPLQDOVWUHVVDPSOLWXGH
LV DSSOLHG WR WKH )( PRGHO WR REWDLQ WKH ORFDO 6(' YDOXH >@$V SUHYLRXVO\ PHQWLRQHG LW LV
LPSRUWDQWWRUHPHPEHUWKDWUHILQHGPHVKDUHQRWQHFHVVDU\WRGHWHUPLQHWKHYDOXHVRIWKH6('




,W VKRXOG EH PHQWLRQHG WKDW WKH DVVXPSWLRQ RI WKH 6(' DV D GDPDJH SDUDPHWHU DOORZV WR









E\HPSOR\LQJ(T W'  YHUVXVWKHQXPEHURIF\FOHVWRIDLOXUH1IFDQEHH[SUHVVHGDVIROORZV 
f


































VWUHVVUDQJH WT TV   
7KH6('DFFXUDF\LQWKHIDWLJXHSUHGLFWLRQKDVEHHQYDOLGDWHGLQ)LJ7KHUHVXOWVUHSRUWHGLQ
)LJ  FRQILUP WKDW WKH6('PHWKRG LV DEOH WRSUHGLFWZLWKJRRGDFFXUDF\ WKH IDWLJXHGDWD IURP












§ · ¨ ¸¨ ¸© ¹








DQG DFFXUDWH IDWLJXH SUHGLFWLRQV RI FRPSRQHQWV VXEMHFWHG WR FRPSOH[ PXOWLD[LDO ORDGLQJ SDWKV
$PRQJ WKHVH GLIIHUHQW FULWHULD WKH &ULWLFDO 3ODQH 0HWKRG EDVHG FULWHULD KDYH EHHQ IRXQG YHU\
HIIHFWLYH>@,QSDUWLFXODUWKH0RGLILHG:|KOHU&XUYH0HWKRG0:&0KDVEHHQVXFFHVVIXOO\
 13 



















V W V W
 
 
§ · ¨ ¸¨ ¸© ¹
                    
ZKHUH aW   n,mV   DQG n,aV  DUHWKHFULWLFDOSODQHVWUHVVFRPSRQHQWVGHWHUPLQHGXQGHUDORDGUDWLR5





$ ODUJH DPRXQW RI H[SHULPHQWDO GDWD KDYH VKRZQ WKDW WKH IDWLJXH OLIHWLPH FDQ EH HVWLPDWHG
WKURXJKWKHGHJUHHRIPXOWLD[LDOLW\RIWKHVWUHVVILHOGGDPDJLQJWKHIDWLJXHSURFHVV]RQHLQWHUPVRI
ȡHII>@$FFRUGLQJWRWKHPRGLILHG:|KOHUGLDJUDPVWKHQHJDWLYHLQYHUVHVORSHNĲȡHIIYHUVXV
ȡHII DQG WKH UHIHUHQFH VKHDU VWUHVV DPSOLWXGH Ĳ$5HIȡHII YHUVXV ȡHII UHODWLRQVKLSV DUH REWDLQHG E\
UXQQLQJDSSURSULDWHH[SHULPHQWVDVVKRZQLQ)LJ7KHFDOLEUDWLRQIXQFWLRQVDUHGHILQHGDVIROORZ 
eff eff( )k a bW U U                            




,QPRUHGHWDLO IURP WKHVWUHVV VWDWH DWSRLQW2 WKHPD[LPXPVKHDUVWUHVVDPSOLWXGH ĲD DQG WKH
HIIHFWLYHFULWLFDOSODQHVWUHVVUDWLRȡHIIFDQEHGHWHUPLQHGE\WDNLQJIXOODGYDQWDJHRIWKH0D[LPXP
 14 
9DULDQFH 0HWKRGV >@7KH 0D[LPXP9DULDQFH 0HWKRG DVVXPHV WKDW WKH IDWLJXH GDPDJH LV
SURSRUWLRQDOWRWKHYDULDQFHRIWKHORDGKLVWRU\WKDWLVGDPDJLQJDWWKHDVVXPHGFULWLFDOSRLQWWKH




FRQVWDQWV RI IXQFWLRQV NĲȡHII DQG Ĳ$5HIȡHII KDYH WR EH GHWHUPLQHG E\ XVLQJ WKH IXOO\ UHYHUVHG










ª º « »¬ ¼
                      
,QWKHOLJKWRIWKHJRRGDFFXUDF\VKRZQE\WKH7&'ZKHQHPSOR\HGWRSUHGLFWIDWLJXHOLIHWLPH
RIQRWFKHGFRPSRQHQWVWKHH[WHQVLRQRI0:&0KDVEHHQDOVRSURSRVHGWREHDSSOLHGLQWHUPVRI
WKH7&'WRSUHGLFW WKHIDWLJXHOLIHWLPHRIQRWFKHGFRPSRQHQWV ,W LVZRUWKQRWLQJWKDWDPRQJWKH
GLIIHUHQW IRUPDOL]DWLRQV RI WKH7&' 30 KDV EHHQ XVHG WR HVWLPDWH KLJKF\FOHV IDWLJXH VWUHQJWK
EHFDXVHWKHVWUHVVVWDWHDWRQHVLQJOHSRLQWLVPXFKHDVLHUWREHKDQGOHGXQGHUFRPSOH[PXOWLD[LDO





















                        
3.2 0XOWLD[LDOIDWLJXHDVVHVVPHQWE\PHDQVRI6(' 
(OO\LQHWDOVXJJHVWHGWKDWIDWLJXHOLIHRIXQQRWFKHGFRPSRQHQWVFDQEHPDGHE\FRQVLGHULQJ





1d deij ij kk ijE E
Q QH V V G                           
,Q(TȣLVWKH3RLVVLRQUDWLR(WKH<RXQJPRGXOXVDQG ijG  WKH.URQHFNHUGHOWD ijG  LVHTXDO
WRZKHQL MDQGLWLVHTXDOWRRWKHUZLVHDQGDUHSHDWHGLQGH[LPSOLHVVXPPDWLRQRYHULWVUDQJH
11 22 33kkV V V V   LQWKLVFDVHLM   
7KHHODVWLF6('FDQEHFDOFXODWHGDV 
e
ij ijW dV H ³                               
)RUDQLVRWURSLFOLQHDUHODVWLFPDWHULDOE\VXEVWLWXWLQJ(TLQWR(TDQGLQWHJUDWLQJWKH
IROORZLQJH[SUHVVLRQFDQEHREWDLQHG  
21 1 2 ( )
2 6ij ij kk
W S S
E E








J I Iª º ¬ ¼                             










V WQ' ''                            








V WQ§ ·' ''   ¨ ¸© ¹
                       
$VVKRZQLQWKHILUVWSDUWRIWKHSDSHUWKH6('DVDGDPDJHSDUDPHWHUDOORZVDOOWKHIDWLJXH
GDWDREWDLQHG IURPSODLQ VSHFLPHQVZLWKGLIIHUHQW ORDGLQJPRGHV WREH VXPPDUL]HG LQ DQDUURZ
VFDWWHUEDQG W'  YHUVXVWKHIDWLJXHOLIH1IFDQEHH[SUHVVHGDVIROORZVLQDQDORJ\ZLWKWKH:|KOHU
FXUYHUHSUHVHQWDWLRQ 
f
BNW A'                                   
,Q(T$DQG%DUHPDWHULDOFRQVWDQWV$VVRRQDVWKHFXUYH W' 1ILVGUDZQ(TLVYHU\
FRQYHQLHQWWRGHWHUPLQHWKHGLIIHUHQWYDOXHVRI W'  DVDIXQFWLRQRIWKHIDWLJXHOLIH1I 








VKRZQ LQ )LJ  WKH PRGH , DQG PRGH ,,, 16,)V FDQ EH GHILQHG E\ PHDQV RI WKH IROORZLQJ
H[SUHVVLRQV>@ 
 111 02 lim , 0rK r rO TTS V T o                       
 313 02 lim , 0rrK r rO TS W T o                       





1 1 nomK k d
O V'  '                                
31
3 3 nomK k d









1 3 2(1 )2(1 )
1 3
1 KKW e e
E R R OO 
ª º'''    « »¬ ¼
























§ ·' ¨ ¸'© ¹












§ ·' ¨ ¸¨ ¸ '© ¹
                            
,QRUGHUWRXQLI\LQDFRPPRQGLDJUDPWKHIDWLJXHUHVXOWVE\DGRSWLQJGLIIHUHQWQRPLQDOORDG






w 1 3 2(1 )2(1 )
1 3
SED= c KKc W e e
E R R OO 
ª º''u'  u  u« »¬ ¼












2 2 2 2w
t net,axial net t net,torsional net2(1 )2
cW K K
E
V Q Wª º'  '   '¬ ¼         
$VSUHYLRXVO\PDGHLQWKHSDSHU W'  FDQEHUHODWHGWR1IE\PHDQVRIWKHIROORZLQJH[SUHVVLRQ 
f










VKRZV WKHFRUUHODWLRQRI H[SHULPHQWDO IDWLJXH OLIH 1I YHUVXV HVWLPDWHG IDWLJXH OLIH 1IH IRU DOO WKH











FXUYHV REYLRXVO\ LQIOXHQFHV WKH GHJUHH RI DFFXUDF\ RI WKH SUHGLFWLRQV XQGHU PXOWLD[LDO IDWLJXH





FRQVHUYDWLYH IDWLJXH OLIHWLPH SUHGLFWLRQV ZKHQ WKH ORDG UDWLR 5 LV ODUJHU WKDQ  &RQVHUYDWLYH
SUHGLFWLRQV LQ WKH IDWLJXH OLIH KDYH EHHQ REVHUYHG IRU ORZ FDUERQ VWHHO 7KLV RYHU FRQVHUYDWLYH








WKH FRQWLQXRXV VWUDLJKW OLQHV GHILQH WKH XQLD[LDO VFDWWHU EDQGV ZKLOH WKH GDVKHG OLQHV GHILQH WKH










GDWD XQGHU GLIIHUHQW ORDGLQJ FRQGLWLRQ WRJHWKHU WR JHW WKH 6(' W'  YHUVXV WKH IDWLJXH OLIH 1I
UHODWLRQVKLSWKURXJKDOHDVWVTXDUHVOLQHDUUHJUHVVLRQ,WVPDLQDGYDQWDJHLVWKDWWKHEHVWILWWLQJOLQH
LVWKHOLQHZLWKPLQLPXPHUURUIURPDOOWKHSRLQWVZKLFKFRXOGFRUUHFWWKHHUURUHIILFLHQWO\7KHUHIRUH


























XQGHU XQLD[LDO IDWLJXH ORDGLQJ 7KH FULWLFDO GLVWDQFH YDOXH XQGHU WRUVLRQ LV ODUJHU WKDQ WKH
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FRUUHVSRQGLQJYDOXHGHWHUPLQHGXQGHUXQLD[LDOIDWLJXHORDGLQJ>@%\UHDQDO\]LQJODUJHDPRXQWRI
H[SHULPHQWDO GDWD WKH UHVXOWV VWURQJO\ VXSSRUW WKH YDOLGLW\ RI WKH LGHD WKDW WKH /0 YHUVXV 1I
UHODWLRQVKLS JHQHUDWHG XQGHU XQLD[LDO IDWLJXH ORDGLQJ FDQ EH DVVXPHG WR EH LQGHSHQGHQW RI WKH
FRPSOH[LW\RIWKHDVVHVVHGVWUHVVILHOG%XWIRUVRPHPDWHULDOVOLNH7L$O9DQG1L&U0RLQ)LJ
 WKHSUHGLFWLQJUHVXOWVVKRZWKDW WKHSXUH WRUVLRQDOGDWD IDOORXWVLGH WKHZLGHVWSDUHQWPDWHULDO
VFDWWHUEDQGDQGWHQGWRFRQVHUYDWLYHOLIHWLPHSUHGLFWLRQZLWKORVVRIDFFXUDF\ ,W LV LPSRUWDQW WR
KLJKOLJKWWKDWXQGHUSXUHWRUVLRQDOORDGLQJWKHUHDUHDODUJHSODVWLF]RQHDKHDGRIWKHQRWFKWLSIRU9
QRWFK7L$O9DQG1L&U0RVSHFLPHQV>@7KHUHIRUHWKHSUHGLFWLQJIDWLJXHOLIHXQGHUSXUH
WRUVLRQ ORDGLQJ ZRXOG EH FRQVHUYDWLYH LI WKH /0 YHUVXV 1I UHODWLRQVKLS JHQHUDWHG XQGHU XQLD[LDO
IDWLJXHORDGLQJZDVXVHGWRFDOFXODWHWKHIDWLJXHOLIH 
3.6 7KH6('PHWKRGYDOLGDWLRQE\XVLQJQRWFKHGFRPSRQHQWV 
7KH PXOWLD[LDO IDWLJXH EHKDYLRU RI PDWHULDOV XQGHU GLIIHUHQW ORDGLQJ FRQGLWLRQV KDV EHHQ
LQYHVWLJDWHG WR DQDO\]H WKH LQIOXHQFH RI ORDG UDWLR DQG ORDG SKDVH DQJOH RQ WKH IDWLJXH OLIH RI







































ORDGLQJZLWKH[FHSWLRQ WR8QRWFKHVZLWK ORZVWUHVVFRQFHQWUDWLRQIDFWRUV7KHDSSURDFK LVYHU\
VHQVLWLYHWRWKHFULWLFDOUDGLXVYDOXHZKLFKGHILQHVWKHFRQWURODUHDThe critical radius can be easily 
estimated using the appropriate equation depending on the fatigue strength of plain specimens and 






DSSOLFDWLRQ RI 7&' FRQVWDQWV REWDLQHG IURP XQLD[LDO ORDGLQJ WR WRUVLRQDO ORDGLQJ FDQ \LHOG WR
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LQDFFXUDWHUHVXOWV7KLVLVGXHWRWKHGLIIHUHQWVWUHVVILOHGGLVWULEXWLRQLQWKHVHWZRORDGLQJFDVHVand 
their different effects on the plastic zone. 
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7DEOH 6\QWKHVLV RI WKH H[SHULPHQWDO UHVXOWV RI QRWFKHG VSHFLPHQV XQGHU XQLD[LDO
ORDGLQJFDOFXODWHGE\7&'  
7DEOH 6\QWKHVLV RI WKH H[SHULPHQWDO UHVXOWV RI QRWFKHG VSHFLPHQV XQGHU XQLD[LDO
ORDGLQJFDOFXODWHGE\6('  
7DEOH3DUDPHWHUVRIWKHIDWLJXHFXUYHVUHODWHGWRWKHSODLQVSHFLPHQV 
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 WKH
VWUHVVFRPSRQHQWıșLVHYDOXDWHGDORQJWKHQRWFKELVHFWRUOLQHș IRUPRGH,16,)
WKHVKHDUVWUHVVFRPSRQHQWĲ]șLVRULHQWHGDVıș 
)LJXUH0:&0DFFXUDF\ LQSUHGLFWLQJ IDWLJXH OLIHWLPHRISODLQ VSHFLPHQVXQGHU
PXOWLD[LDOORDGLQJ 
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PXOWLD[LDOORDGLQJ  
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